Abstract-We report on latest version of the calibration and monitoring system developed for the scintillator tile hadron calorimeter (AHCAL) for the ILC. System is based on original fast (3 ns pulsewidth) and precise LED driver called QMB. One UV-LED can illuminates 72 scintillating tiles with SiPM. Distribution of the light pulses uses notched fibres, developed at our laboratory. All parts of the system are continually upgraded to get better results. The system is flexible to all necessary task monitoring and calibration of SiPM detector. It has high dynamic range of precise a few nanosecond pulses. Low intensity LED pulses are needed to obtain nice SiPM single photoelectron spectra. A routine monitoring of all SiPMs during test beam operations is achieved with mid-range a fixed-intensity light pulse. The full SiPM response function is cross-checked by varying the light intensity from zero to the saturation level. In calibration systems we developed, we concentrate especially on the aspect a high dynamic range of precise a few nanosecond pulses. Calibration system has been tested with 2.2m long slab of engineering AHCAL prototype uses 864 SiPM embedded in 3 by 3cm scintillator tiles and represents a part of the biggest planned detector using SiPMs.
I. INTRODUCTION
HE CALICE collaboration is developing a hadronic calorimeter (HCAL) with very high granularity for future linear colliders (ILC, CLIC). The collaboration built 1 m 3 physics prototype in 2005-2006 [4] and currently is building an engineering prototype [1] .
T

A. SIPM calibration
The SiPM (or MPPC in Hamamatsu terminology) is temperature sensitive photodetector. The calibrating light distribution among all SiPMs of the whole calorimeter does not necessarily have to be perfectly uniform. The SiPM gain is calculated from the peak distances in the histograms of single photoelectrons peak spectra like in Fig. 1 . Our experience shows, that the gain can be extracted from SPS with an average light signal in the range of 0.5 to 5 pixels. The optimal average light signal for the gain extraction is between 1 and 2 pixels. Bigger span of the measured signal decreases the quality of the measurements by means of electrical crosstalk and pedestal shift caused by an excessive signal from another ASIC readout channels.
Short pulses are preferred for the SiPM calibration, since 1) they allow in principle a shorter integration time in which less dark noise is superposed to the measured signal; 2) they can better monitor the saturation of SiPM, which is otherwise affected by a pixel recharge and a possibility of pixel re-firing during the long optical pulse. Typical saturation curve on Fig.  2 shows the linearity of one channel of the HCAL detector. 
B. Light signal generation
We start with development of fast LED pulser dedicated to SiPM in 2004. It has been proved that LED pulser in nanosecond region should be in very close proximity of LED to suppress unwanted effect of ringing and afterpulses on line to LED. Another condition we found and approved is that an LED should be precisely turn on and off with reversing of the signal polarity. Traditional scheme where the capacitor is discharging to LED suffer of an undefined off point when LED stops to shine. We used it for system called CMB based on rectangular pulse shape to LED. It is working nicely, but in close proximity to LED driver is very high level of radio frequency interference (RFI). This creates unwanted crosstalk to the PIN photodiode readout. The quasi-resonant LED driver reduces such interference to acceptable level. The spectrum with quasi sinusoidal pulse is dramatically reduced.
II. 2. ELECTRONIC PRINCIPLES
To further improve the performance of the LED driver we abandoned the rectangular pulses. The Quasi Resonant LED driver produces short ~3.5 ns long electrical pulses of the sinusoidal shape. The QRLED is foreseen as a source of the tunable LED light for calibration of SiPMs in the engineering hadron calorimeter module. The short electrical pulses are created in the circuit around the toroidal inductor made directly on the PCB, the inductance is about 35nH on PCB 1.6mm thick. We tested modification of LED driver in a range of pulse width from 1.6 ns up to 30 ns. Complete board (QMB1) consists of a microcontroller, CANbus, trigger LVDS distributing system and some other circuits. This design resulted from the requirement on the low height of the electronic circuitry in the compact engineering module.
Prototypes are shown in Fig. 3 , where the upper board is QMB1 with an external inductor (for ~30 ns pulses) and the bottom board is a slightly improved QMB1A board. 
A. Quasi-resonant LED driver
The LED driver works in principle similarly to the boost DC-DC converter (Fig. 4) . In the idle mode, the V2 voltage is higher than V1 and the LED is reverse biased. Before the pulse, the inductor is switched by FET to the ground, enabling the current to flow through the inductor and store energy. When the switching transistor is switched off, the circuit is left in the resonance configuration. The energy (current through "L") is smoothly transferred to the capacitor (voltage on "C"), back and so on. The resonance is heavily dumped by the dump resistor ("RD"), therefore only the first overshoot on "C" is high enough to bias the LED directly. The first overshoot (sine wave) can be tens of volts, forcing the LED to pass through a current up to 1 A. The negative part of the sine wave helps to reverse bias the LED in a very short time. The circuit is tuned in such a way that the following sine wave will not overcome the forward voltage threshold and the LED is kept reverse biased as can be seen in Fig. 5 . 
B. One channel LED pulser QMB1
Final 1-channel prototype (QMB1) has been developed and it is tested. To fit the tile spacing the board is only 3 cm wide and 14 cm deep. Each board consists only of one driver (for one UV or blue LED) but the system is proposed as highly modular as one board behaves as a master and several others as slaves. The master board communicates with DAQ via CAN bus and it is also used as a distributor of the LVDS trigger system as is pictured in scheme in Fig. 6 . Pulse length is fixed to 3.5 ns. The light amplitude is smoothly variable (max. pulse amplitude is 1A through a LED) with 12 bits resolution of DAC. QMB1(A) is powered by one single supply 13 to 16V (15V nominal as a standard) and consumes about 65mA. In 2013 we have built upgrade version QMB1A where bugs are fixed. The goal is to illuminate 72 tiles by a single LED on the QMB1 board using 3 notched fibres.
III. LIGHT DISTRIBUTION SYSTEM
During the last 4 years we developed the distribution of UV flashes to scintillator tiles. Instead of using one fibre for each tile, a series of notches (detail shown in Fig. 7) cut on a single optical fibre illuminates a row of tiles below the fibre (see the Fig. 8) . The challenge is to make the light flashes equal with the same amount of light for each tile. We achieved the spread of light better than 18%. The SiPM response of a quasi-resonant UV LED driver and the light distribution system to the low intensity light is shown in Fig. 9 . We can conclude that the system meets requirements for the calibration of the engineering hadron calorimeter prototype [1] . We also performed measurements of the amplitude dependence of the QRLED driver on the intensity of the magnetic field in the range 0 -4 T. For more detail see the Eudet memo [3] . We conclude that the relative change of the amplitude of the QRLED driver with embedded toroidal inductor do not exceed level of -3 per mille at 1 Tesla change. If we assume that the relative time stability of the magnetic field of the ILD solenoid will be at the level of 5•10 
IV. 4. TEST OF THE CALIBRATION SYSTEM WITH AHCAL TECHNOLOGICAL PROTOTYPE
The LED drivers and notched fibres were tested in 2012 at DESY with the AHCAL technological prototype, the HBU (a 36×36 cm 2 square board with 144 scintillating tiles of size 3×3 cm 2 with SiPMs, which embeds 4 SPIROC2b readout chips). The configuration consisted of 6 HBU boards connected in a row and 3 active QMB1 boards. This setup is shown in Fig.  10 .
Each QMB1 board drives 3 fibres. The detail of the fibre triplet coupling to the QMB1 board is shown in Fig. 11 . Fibres are inserted (pressed) into the black piece of the plastic cube from one side and the LED is inserted from the other side. Those 3 fibres are routed side by side on top of the HBU boards. Each tile has an assigned hole in the PCB of the HBU, through which the light is guided from the notched fibre (on top of the PCB) to the tile (under the PCB). Each fibre of the fibre triplet illuminates different tile group along the path: the 1 st fibre illuminates tiles 1~24, 2 nd fibre illuminates tiles 25~48 and 3 rd fibre illuminates tiles 49~72. This segmentation into 3 sections was chosen for 2 reasons: 1) the light from a 3mm LED couples with the same efficiency (per fibre) to the triplet as with a single fibre in the middle. This increases the light yield from the LED by factor of three.
2) The manufacturability of 24-notched fibre can be done with better precision than for 72-notched fibre. 
A. Fibre fixation
The fibre-to-PCB fixation system, which would be usable in the mass-production, has not yet been developed. Since HBUs were not placed in cassettes, we were not limited by the vertical space. The fixation used in the setup utilized 1mm thick sticky strips, which guided the fibre triplet from both sides and on the top prevented the fibres from lifting. The fixation is shown in Fig. 12 . The sticky strips are covered at the top by a transparent foil in order to prevent the light-tight cover from gluing to the sticky strips. 
B. Measurement results
At the time of measurement, some channels of some HBUs were not assembled with scintillating tiles with embedded SiPMs. Therefore we are missing light signal completely from the 5 th HBU (the corresponding HBU in Fig. 10 has a lighter green colour, counted from right to left) and from 3 rd row of 6th HBU, which was assembled with 1 tile only. An example of the SiPM SPS measured in the high gain mode is shown in Fig. 9 .
153 good tiles with clear SPS out of 169 illuminated tiles were measured in the whole setup. Gain extraction was successful for 92% of the good tiles. The rest of the tiles received too little light mostly for the mechanical reasons (the optical path was blocked by the ASIC at some positions on the HBU; the fibre was lifted from the PCB surface from the DIF side because of the height step there and a limited curvature of the fibre; due to the notch to pcb hole misalignment. The map of the measured signal (expressed be the average number of hit pixels) is displayed in Fig. 13 and the distribution of the signal is shown in Fig. 14 . The good SPS fit range lies in between 0.5~5 pixels. Gain for the rest of the tiles was extracted in the next run, where more light was flashed into the optical fibres.
Light distribution along the full row of 72 tiles is demonstrated in Fig. 15 , which show result from one of 3 installed triplets. The comparison of fibre performance measurements at different stages is shown in Fig. 16 and Fig.  17 . The main difficulties in better agreement of measurements are the proper alignment of the fiber notch with the PCB hole and in keeping the same rotation of the fibre, which is difficult to set and fix. Both prototype fibres have some faulty notches, which came from the production.
C. Conclusion
Fast UV-LED flashing system used quasi-resonant driver has been proved during several years of test with SiPM photodetectors. Single LED boards called QMB1 are very well matched to the calibration requirements with photodetectors based on SiPM principal. Light distribution system based on notched fibres is experimentally proved and need to be upgraded to mass production. We gratefully thanks to our colleagues from the Institute of Physics (FZU) in Prague: Jaroslav Cvach, Milan Janata, Michal Kovalčuk, Jan Smolík for very valuable contributions to the results presented in this paper. Special thanks go to Mark Terwort and Mathias Reinecke (DESY) for their help and realization the measurements needed for this work.
